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We investigate theoretically the generation of indistinguishable single photons from a strongly 
dissipative quantum system placed inside an optical cavity. The degree of indistinguishability of 
photons emitted by the cavity is calculated as a function of the emitter-cavity coupling strength and 
the cavity linewidth. For a quantum emitter subject to strong pure dephasing, our calculations reveal 
that an unconventional regime of high indistinguishability can be reached for moderate emitter- 
cavity coupling strengths and high quality factor cavities. In this regime, the broad spectrum of 
the dissipative quantum system is funneled into the narrow lineshape of the cavity. The associated 
efficiency is found to greatly surpass spectral filtering effects. Our findings open the path towards 
on-chip scalable indistinguishable-photon emitting devices operating at room temperature. 


Indistinguishable single photons are the building 
blocks of various optically-based quantum information 
applications such as linear optical quantum computing 
HIE], boson sampling [3Hl], quantum teleportation [8] 
or quantum networks [ 9 ]. Indistinguishable photons are 
usually generated either using parametric down conver¬ 
sion HO], or alternatively directly from a single two-level 
quantum emitter such as atoms, color centers, quantum 
dots or organic molecules HHlQl. Parametric down con¬ 
version is presently the most mature technology avail¬ 
able, but the usual low efficiency of the nonlinear pro¬ 
cesses is a severe limitation to the scalability of such 
sources. On the other hand, sources based on single 
solid-state quantum systems have been greatly devel- 
opped in the last decade, as they hold the promise to 
combine indistinguishable, on-demand, energy-efficient, 
electrically drivable and scalable characteristics. How¬ 
ever, except at cryogenics temperature, solid-state sys¬ 
tems emitting single-photons are subject to strong pure 
dephasing processes [ 2 T 1129 ] . making them at first view 
inappropriate for quantum applications requiring photon 
indistinguishability. 

A two-level quantum emitter (QE) coupled only to vac¬ 
uum fluctuations should emit perfectly indistinguishable 
photons. However, as soon as pure dephasing of the QE 
occurs, the degree of indistinguishability of the emitted 
photons is reduced to m 


where 7 = 1 /Ti is the population decay rate, 7*/2 = 
I/T2* the pure dephasing rate, and I/T2 = 2/Ti + l/T2* 
the total dephasing rate. Eor solid-state QE emitting 
photons at room temperature such as color centers, quan¬ 
tum dots or organic molecules, pure dephasing rates are 


typically several orders of magnitude larger than the pop¬ 
ulation decay rate (typically ranging from 3 to 6 orders of 
magnitude) [ 121 HH ( 211 HH HH USHUl ISI] . Hence the in¬ 
trinsic indistinguishability given by Eq. [^is almost zero. 
A possible way to enhance the indistinguishability is to 
spectrally filter the emitted photons a posteriori. How¬ 
ever, this linear-filter strategy leads to a very low effi¬ 
ciency. Engineering of both efficiency and indistinguisha¬ 
bility are possible by placing the dissipative QE in an 
optical cavity nanaEisi]. A usual strategy is then to 
use the Purcell effect to enhance the spontaneous emis¬ 
sion, as in Eq. an increase in 7 results in an increase 
of /. However, reaching Purcell factors larger than 7*/7 
for room-temperature solid-state systems appears to be 
well beyond the present experimental state of the art. 

In this letter we propose a realistic and robust way to 
generate highly indistinguishable photons from strongly 
dissipative QE (i.e. for 7* ^7). The idea is to exploit 
a cavity-quantum-electrodynamics (cavity-QED) regime 
of low cavity linewidth and moderate cavity-emitter cou¬ 
pling, in which the broad spectrum of the dissipative QE 
is funneled into the narrow emission line of the cavity. 
In this regime, high indistinguishability is predicted to¬ 
gether with efficiencies orders of magnitude higher than 
spectral filtering. Insights into the full quantum calcu¬ 
lation are gained by semiclassical derivations of indistin¬ 
guishability in limiting cases of dissipative cavity QED. 

As depicted in Eigj^ we consider a two-level QE sys¬ 
tem IV^e)} coupled to a cavity mode whose Eock 

states are denoted {| 0 ), |I),...}. All the dissipative terms 
are assumed to be described within the Markov approx¬ 
imation mils]- The relevant parameters are: the QE 
decay rate 7 (which may include radiative as well as non- 
radiative components), the cavity decay rate /^, the pure 
dephasing rate 7* ; ^ is the dipolar coupling between 
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FIG. 1. Schematic of the system under study: a dissipative 
two-level emitter coupled to an optical-cavity mode. 


the QE and the cavity mode (see FigQ. The emitter- 
cavity detuning is set to zero (i.e. perfect resonance). For 
simplicity, we assume an instantaneous excitation of the 
QE, so that only one quantum of excitation can be trans¬ 
ferred to the cavity. Within the rotating-wave approxi¬ 
mation, it is therefore sufficient to investigate the dissi¬ 
pative quantum dynamics in the two-dimensional Hilbert 
space formed by 0 ), 1 )}. The degree of indistin- 

guishability of photons can be defined by the probability 
of two-photon interference in a Hong-Ou-Mandel exper¬ 
iment [ 47 ]. For a single-photon emitter, this indistin- 
guishability figure of merit reads (SO] [ 48 ] : 

J ^ /o°° dr|(atft+ T)aft))p 

/o°° dT{a^{t)a{t)){a^{t + T)a{t + T)) 

where are the ladder operators of the EM mode in 
which the photons are emitted. This equation imposes 
the necessary condition for perfectly indistinguishable 
photons that time correlations of the EM field decay the 
same way as the intensity, i.e. that photons are Fourier- 
transform limited. The calculation of the above quanti¬ 
ties can be separated into two steps (see the Supplemen¬ 
tal Material [ 49 ]). First, we calculate the evolution of the 
density matrix p{t) by solving the Lindblad equation. 


p{t)=e *'^*|'*/)e,0)(V’e,0| (3) 

where jC is the total Liouvillian of the system [ 49 ]. Sec¬ 
ondly, we calculate the retarded Green’s function, which 
reads in the 1)} basis: 


G^ico) = 


uj ^ ijl 2 I 2 g 

g uj — 6 ^ m/2 


(4) 


The two-time correlator of the cavity field can be ex¬ 
pressed as a product of the retarded propagator G^(r) = 
—i f duje~'^^^G^{uj) and the density matrix [ 49 ] : 

{a\t + T)a{t)) = {ijg,l\G^{T)p{t)\'tpg,l). (5) 

In Fig. [^ we report calculations for strongly dissipa¬ 
tive emitters verifying 7* = lO^q. This is a typical value 
for a solid-state QE at room temperature, and the re¬ 
sults are qualitatively similar for any strongly dissipative 


emitters verifying 7* 7. Without any cavity, the de¬ 

gree of indistinguishability would then amount to 10“^ 
according to Eq. 0 In Fig. Ha),/ is plotted as a function 
of the coupling g and the cavity linewidth k while 7 and 
7* are fixed. Two regions of high indistinguishability are 
found, which are discussed below. The one in the upper- 
right corner corresponds to very large couplings g and 
broad cavities such as ^ > 7* and /^ > 7*, which is ex¬ 
tremely challenging to reach experimentally for strongly 
dissipative emitters (i.e. for large values of 7*). The 
other region of high indistinguishability, in the lower-left 
corner, appears for good cavities for /1: < 7 together with 
moderate or small coupling values g. As these values are 
within experimental reach, this unconventional regime is 
highly attractive for the generation of indistinguishable 
photons. 

To get a physical insight into the calculated indistin¬ 
guishability, we divide the (/^,^) space into three regimes 
labelled from “ 1 ” to “ 3 ” in Fig. [^ and study the cor¬ 
responding limiting cases below. First, we can distin¬ 
guish between the QE-cavity coherent regime occuring 
for 2^ > /i: + 7 + 7* and the incoherent regime 2 g < 
+ 7 + 7*. In the coherent regime, labelled “ 1 ” in Fig.[^ 
the dynamics consists of damped Rabi oscillations which 
evolves into an incoherent population of the two polari- 
ton modes (i.e. mixed QE-cavity state). In the limit 
where 2 g ^ /^ + 7 + 7*, the indistinguishability degree 
reads [ 49 ] : 


j ^ il + K){'y + K + j*/2) 
“ (7 + k + 7*)2 


(6) 


As this expression is independent of g, increasing g alone 
does not allow to reach arbitrarily large indistinguisha¬ 
bility, as seen on Fig. [^ On the contrary, nearly-perfect 
indistinguishability occurs in the coherent regime only if 
2g>K'>-f\ 

In the incoherent limit { 2 g + 7 + 7*), the dy¬ 

namics of the system can be described in terms of inco¬ 
herent population transfer with an effective transfer rate 
between the QE and the cavity given by HSBI; 


^ 4 ff^ 

K + 7 + 7*' 


(7) 


Within this incoherent regime, we can further define a 
bad-cavity regime for /1: > 7 + 7* (labelled “ 2 ” in Fig. 
and a good-cavity regime for /1: < 7 + 7* (labelled “ 3 ” 
in Fig. ||) El [50]. In the bad-cavity limit k ^ 7 + 7*, 
the cavity can be adiabatically eliminated, and its sole 
effect is to add a new channel of irreversible radiative 
emission at a rate R. Reabsorption by the QE is then 
negligible. The dynamics of the coupled system can then 
be described by the one of an effective QE with a decay 
rate 7 + R. Applying Eq. to this effective QE leads to 
an indistinguishability of 


_ 7 + -R 

7 + i? + 7 * ■ 


( 8 ) 
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FIG. 2. (a) Indistinguishability figure of merit (/), (b) ef¬ 
ficiency 13 and (c) funneling ratio plotted as a function 
of the cavity linewidth k,/^ and the emitter-cavity coupling 
strength g/^ for a hxed ratio 7*/7 = 10^. The funneling ratio 
is dehned as Solid lines delimit three different 

regimes discussed in the text: coherent coupling (“1”), inco¬ 
herent coupling and bad cavity regime (“2”), and incoherent 
coupling and good cavity regime (“3”). 


Within this regime of incoherently-coupled bad cavity, 
the usual strategy to increase indistinguishability is ba¬ 
sically to maximize R. This can be done by increasing g 
and/or minimizing k. However, from Eq. S 38 , near-unity 
indistinguishability requires ^ 7* and consequently 
2 g ^ 7*.It is found that the coupling strength g has to 
exceed 7* by nearly one order of magnitude in order to 
reach an indistinguishability value of / = 0 . 9 . Reaching 
such coupling is technologically extremely challenging for 
solid-state emitters under ambient temperature. 

On the other hand, the incoherent good-cavity regime 
(labelled “ 3 ” in Fig. occurs for /^ < 7 + 7*. In this 
regime, the cavity can store the photons within a time 
scale comparable to or longer than the QE dephasing 
time. The cavity itself then acts as an effective emitter 
incoherently pumped by the QE m, so that the cavity 
field correlations read 


{a\t + T)a{t)) = pcc{t)e ( 9 ) 


where Pcc(^) is the population of the cavity mode and Fc 
is the linewidth of the cavity-like eigenstate. From Eq. 
one can derive that Fc = /^ + R, which is the sum of the 
cavity decay rate k into EM modes plus the incoherent 
reabsorption rate R between the cavity and the QE. By 
solving the population rate equations and by plugging in 
the resulting cavity dynamics Pcc(Q in Eqs.j^and Eq. 
one finds an indistinguishability of [ 49 ] : 


7 + 


kR 

k-\-R 


7 + K + 2i? 


( 10 ) 


Consequently, large indistinguishability occurs in this 
regime for /^ < 7 and R < 7 (i.e. g < ^77*/2) , in 
agreement with the full calculation shown on Fig. [^a). 
This can be understood by noting that two ingredients 
are involved in the degradation of indistinguishability in 
this good-cavity regime where the cavity acts as the effec¬ 
tive emitter. The first point is that the initial incoherent 
feeding of the cavity occurs on a time scale I/7, produc¬ 
ing a time uncertainty in the population of the cavity. 
Hence r has to be kept small compared to 7 in order to 
prevent such time-jittering effect, in analogy to the inco¬ 
herent pumping of QE via high energy states [ 48 ]. The 
second point is that, after the initial filling of the cav¬ 
ity, incoherent exchange processes between the QE and 
the cavity can still occur. However, back and forth inco¬ 
herent hopping between the cavity and the QE leads to 
the dephasing of the photons emitted by the cavity. To 
prevent such detrimental hopping, R < 7 is required. 

We now discuss the efficiency of the photon emission 
from the cavity mode, i.e. the probability to have emis¬ 
sion by the cavity mode per initial excitation of the QE. 
The efficiency of photon emission in the cavity mode is 
given by 


P = R 





( 11 ) 
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In Fig. I^b) the efficiency P is plotted as a function of 
the cavity linewidth n and the emitter-cavity coupling 
strength g. Near-unitary (i.e. on-demand) efficiencies are 
obtained in the upper-right corner. In the weak-coupling 
regime, we find 

Efficiencies larger than 0.5 are typically obtained for 
R > j and n > R. This is compatible with high indis- 
tinguishability in the region of high g and high k. values 
(i.e. right-upper corner in Fig. [^, but not in the good 
cavity regime (i.e. region “3” in Fig.[^. Nevertheless, as 
discussed in the following, the product of efficiency and 
indistinguishability pi in the good cavity regime can still 
be way above the one obtained by any linear spectral fil¬ 
tering technique. Let us consider a linear spectral filter, 
with a narrow spectral range Az/j, through which the 
spectrum of the broad QE is sent. We assume ^ 7 *. 
The output efficiency is bounded by /3/ < Az^j/y*. Due 
to the Fourier-transform condition, the corresponding in¬ 
distinguishability is bounded by < y/Az/j. Hence the 
efficiency-indistinguishability product for spectral filter¬ 
ing cannot exceed [3flf < y/y*. In order to compare 

X / in the present cavity-QED scheme with the upper 
limit for spectral filtering, we define a cavity-funneling 
factor 

(13) 

7 

such that R values larger than unity necessarly indicate 
a spectral cavity-funneling effect. R indicates the min¬ 
imum enhancement ratio of /d x / with respect to any 
spectral-filtering effect. In practice this enhancement will 
be larger since light emitted from a cavity can be very 
efficiently collected m, in contrast to free-space spon¬ 
taneous emission. In Fig. [^c), the funneling R is plot¬ 
ted in the same parameter range (n^g) as previous plots. 
Only the values satisfying the cavity-funneling condition 
of 7^ > 1 are shown. It appears clearly that almost- 
perfect indistinguishability in the good cavity regime is 
compatible with cavity funneling. In Fig. [^ /, /3 and R 
are plotted as a function of k for a fixed value of g. The 
full calculation is found to be in good agreement with the 
above formulae for the incoherent regime. It illustrates 
the necessary trade-off between indistinguishability and 
efficiency in the good-cavity regime, where a clear maxi¬ 
mum of the funneling factor occurs. The large calculated 
values for R are signatures of a very efficient redirection 
of the QE spectrum into the unperturbed cavity spec¬ 
trum of linewidth k. 

Finally, we propose two experimental realizations of 
this unconventional regime at room temperature. We 
first consider a single self-assembled quantum dot coupled 
to a photonic crystal cavity. State of the art photonic 
crystal cavities can provide % =120 /ieV and /z/^=20 



FIG. 3. Indistinguishability figure of merit / (full calculation 
in black solid line), efficiency /3 (blue solid line) and cavity 
funneling ratio R (red solid line) for a fixed emitter-cavity 
coupling of g — lOy. The full calculation for indistinguisha¬ 
bility is compared with analytic expressions in two different 
limiting case s: inc oherently-coupled good cavity regime (dot¬ 
ted line, Eq. |S47|) and coherently-coupled bad cavity regime 
(dashed line, Eq. |S38| ). The analytical expression for /3 (dot¬ 
ted line, Eq. 12) overlaps perfectly with the full calculation. 


/ieV [5T]. Assuming fzy = 60 /reV and fzy* = 7 meV for 
an InAs/GaAs QD at 300K [111152], we predict 1=0.72, 
/3=0.088 and 7^=7.3. Secondly, we consider a single sili¬ 
con vacancy (SiV) center in a nano-diamond coupled to 
a fiber cavity. For SiV at 300K, we take y = 27rx 160 
MHz and y* = 27rx 550 GHz [53]. Coupling SiV with a 
fiber cavity with ^=27rxl.O GHz and h=2'kx?>{) MHz is 
within experimental reach [39] , for which our calculation 
predicts 1=0.81, /d=0.035 and 7^=99. These predicted 
degrees of indistinguishability at room temperature are 
comparable with state of the art values obtained from 
low temperature single-photon sources under incoherent 
pumping m, with efficiencies far beyond any spectral 
filtering technique. 

In summary, for strongly dissipative emitters we pre¬ 
dict an unconventional regime of high indistinguishabil¬ 
ity in which the broad spectrum of the quantum emitter 
is funneled into a narrow cavity resonance. For typi¬ 
cal room-temperature quantum emitters, the associated 
efficiency can surpass any spectral filtering schemes by 
orders of magnitude. This strategy opens the road to¬ 
wards the generation of indistinguishable single photons 
from solid-state quantum emitters under ambient tem¬ 
perature. 

This work has been funded by the European Union’s 
Seventh Framework Programme (FP7) under Grant 
Agreement No. 618078 (WASPS). Jason Smith and John 
Rarity are acknowledged for fruit full discussions. 
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Supplemental Materials 


HAMILTONIAN AND MASTER EQUATION CALCULATION OF TWO-TIME CORRELATORS 


The Hamiltonian of a two-level quantum emitter (QE) 
interacting with a quantized mode of an optical cavity 
can be written as: 

H = hujQEC^c + huJcayC^c -h hg{c -h c‘*')(d -h a'*'), (SI) 

where and c are fermionic creation and annihilation 
operators for the QE while and d are bosonic cre¬ 
ation and annihilation operators for the cavity, cjqe is 
the QE frequency, cjcav is the cavity frequency, and g is 
the QE-cavity coupling strength. We consider up to one 
excitation in the system so that within the rotating-wave 
approximation the dynamics involved only the states 
{| 5 f, 0 ), |e,0), 1^, 1)}. As no coherent coupling occurs be¬ 
tween l^f, 0) and the other states, it is sufficient to study 
the dynamics within the basis formed by {|e, 0), 
in which the Hamiltonian reads 


where S = cjcav ~ ^Qe is the detuning between the QE 
and the cavity. The density matrix can be written as 


n!f\ = i " (c^(^)c(i)) PecW = (c+(i)a(t))\ 

\Pce{t) = (a'f(i)c(i)) pcc{t) = {a^{t)d{t))) 


(S3) 


Its evolution is described by the following Linbladt 
master equation (ST] [S2] : 

I = Aol (S4) 


^[p] — ^[^5 H] + >Cqe + Ccav + >Cdeph ( S 5 ) 

where the dissipative terms describing respectively the 
QE decay, the cavity decay and pure dephasing reads in 
the {|e, 0), \g, 1)} basis 

£«ei^i=- 7 (x:/2 V) (“> 

= -7- "‘f) 

An initial excitation of the QE is assumed, i.e. p(0) = 
|e, 0)(e,0|. The evolution of the density matrix is then 
computed using 

p{t) = e^*\e,0){e,0\ (S9) 


In order to conveniently express the two-time correla¬ 
tors, we make use of the non-equilibrium Green’s func¬ 
tion formalism [S3]. Here the lesser, greater and retarded 
Green’s function are respectively defined by: 


(t -|- T, t) 


f {t + T)c{t)) {c^ {t + T)d{t))\ , . 

\{d\t + T)c{t)) (at(t+ T)a(t))b 


G^ (t T^t) 


(+ r)) (d(t)c+(t -h t))\ 
\{c{t)d+{t + r)) (a(t)a+(t + t))) ’ 

(Sll) 


G^(t) = 0(r) [G^{t + r, t) + G^{t + r, t)] , (S12) 

where r is a time difference. Note that for simplicity 
we have dropped in the above definitions the factor i 
involved in standard definitions |S3| . The retarded and 
lesser self-energies describing the dissipative terms are 
expressed as: 

+ T,t)= 5 {t) J (S13) 

±<{t + T,t)= 6 {t) (S14) 

Eor such time-independent Hamiltonian the retarded 
Green’s function depends only of one variable. It can be 
expressed in angular frequencies as: 

G^{uj) = -i J duje^‘^*G^{T). (S15) 

The Dyson’s equation for the retarded Green’s function 
reads: 


G^{uj) = {lu-H- 


(S16) 


'-iRt, .\ _ I ^ d-i'y/2 + lY9 ^ (S17) 


G^ico) = 


uj — 6 iK,/2 


Erom Kadanoff-Baym equations, which describe the 
equations of motion of the Green’s functions [S3], one can 
easily derive the following relation in the case of Marko¬ 
vian self-energies for r > 0: 

G^{t -h r, t) = G^{r)G^{t, t) = G^{r)p{t). (S18) 
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From this relation we can extract the cavity correla¬ 
tions 


{a\t + T)a{t)) = {g, l\G^{T)p{t)\g, 1) 

= Gcci'^)Pcc{t) + Gfg(r)pec(i) 


(S19) 


derive the degree of photon indistinguishability in each of 
these cases. We assume a perfect resonance (i. e. (5 = 0) 
between the QE and the cavity. 


Hence the calculation of the two-time correlators is 
splitted into the calculation of two one-time operators, 
namely the density matrix p{t) on one hand and the re¬ 
tarded Green’s function G^{r) on the other hand. G^{r) 
can be computed by Fourier transforming Eq. |S17[ or by 
solving its equation of motion which reads 




G^(t). (S20) 


INDISTINGUISHABILITY IN LIMITING CASES 
OF CAVITY-QED 

In the following discuss three limiting cases of dissipa¬ 
tive cavity quantum electrodynamics (cavity-QED) and 


Coherent coupling regime 


Coherent-coupling regime between the QE and the cav¬ 
ity occurs if 2g > + y + In the limit 2g ^ /^ + y + y*, 
we derive below an analytical expression for the indistin¬ 
guishability. In this limit, the coherent part of the dy¬ 
namics (i.e. Rabi oscillations) is much faster than the 
incoherent part (i.e. population and phase decay). An 
approximate solution of the dynamics is obtained by de¬ 
coupling these two timescales. The density matrix then 
reads: 


p{t) ~ 


I I+(1 <= ) (^0 


(S21) 


where the first term describes the initial damped Rabi oscillations, while the second term accounts for the incoherent 
part of the dynamics after dephasing. The retarded Green’s function reads 




cos(gT) —i sin(gT) 
—i sin(gT) cos((7t) 


(S22) 


By averaging over the fast coherent dynamics, the cavity population and the cavity correlations are given respectively 


by 


< Pcc{t) >= 


<\{a\t + T)a{t))? >=4 L 


g-(7+K+7*)t g-(7+«:)t 


g-(7+/t+7*)r/2 


where the <> indicates an average over the fast rotating terms. It gives a photon indistinguishability of 

/o” < l(Q^(^ + 'r)«(^))P > _ (7 + ^)(7 + ^ + 7*/2) 


7cc 


5 I /o°° dt < Pcc{t) > 


(7 + K + 7*)2 


(523) 

(524) 

(525) 


Incoherent-coupling regime 


Adiabatic elimination of coherences 


The incoherent limit occurs for 2g + y + y*, for 
which it is shown below that the coherences can be adi- 
abatically eliminated. 


From the master equation we have at resonance {5 = 

0 ): 


dPee 


'yPee 4 “ ^gi^Pee Pee') 


(S26a) 
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dpe 


dpc 
dt 

7 + 7* + K 


^^Pcc “t“ ^Q^Pce Pec) (S26b) 

Pec + igiPee “ Pee) (S26c) 


dt 2 

If 7 + 7 * + /i: ^ 2 ^, coherences can be adiabatically elim¬ 


inated in Eq. S26c by setting dpeddt ^ 0, leading to: 
2 ig{p 

ee {t) - Pcc{t)) 


Pec{t) 


7 + 7* + K 


(S27) 


We are then left with the following rate equations for the 
populations 


dpe 


dt 

dpa 

dt 


— — (7 + R)pee + Rpcci (S28a) 

= —{kR) pcc Rpeei (S28b) 


where the exchange rate between the QE and the cavity 
reads [S 2 ] 


R = 




7 + 7 * + / 1 : 


(S29) 


By solving the coupled rate equations Eq. |S28[ we find 
that the efficiency is given by 


P = K, 


J dtpcc{t) 


kR 


(S30) 


KjR “h 7(^ ffi R^ 

Regime of ineoherent eoupling and had eavity 

In the bad cavity limit (i.e. n ^ 7 + 7 *), we can 
eliminate the cavity population (i.e. dpeddt ^ 0 ) in the 
above rate equations, leading to 


Pcc{t) = 


R 


hv R 


Pee{t) 


(S31) 


On the other hand, approximation on the retarded 
Green’s function involved in Eq. |S19| can also be derived. 
Eor r > 1/k,^ one can adiabatic ally e liminate the off- 


diagonal term dG^^jdr ^ 0 in Eq. S20 


Eor r > l/^c, only the former term is not vanishing: 

{d\t + r)a(f)) ~ deeiT)Pee{t)- (§35) 

The last expression indicates that in this regime the cav¬ 
ity correlations do indeed follow the QE correlations, 
with: 


Pee(r) ~ 

Gf,(r) c. 


(536) 

(537) 


As the integral of the correlations (Eq. 2 of the paper) is 
dominated by delay times such as r > 1 //^, one finds for 
the indistinguishability 


^bc 


7 + i? 


(S38) 


7 -f + 7* 

Regime of ineoherent eoupling and good eavity 

In the limit 7 + 7 * b:, we show below that the cavity 

correlations are dominated by the terms diagonal in the 
cavity mode. In this limit, the projection of the retarded 
Green’s function on the cavity mode reads 

GI{t) (S39) 

where Ec is the linewidth of the cavity-like eigenstate 


which can be calculated from from Eq. |S17 


Ec — b: + 


I 7 + 7 * - k\ 


— hv R- 


(S40) 


In Eq. S20, we can adiabatically eliminate for r > 
1 / (7 + 7 *), which gives 




(S41) 


and thus providing an upper limit for the second term in 

Eq.l 


G%(j)Pec{P) < 


R 


7 - 1 - 7 * 




Pee (t) 


(S42) 


On the other hand, Eq. |S26c| provides an upper bound 
for pec^ 


Gfeb) - -27Gfe(T), 

rv 

(S32) 

R / \ 

pee ^ Pee\t)^ 

it -j- K, 

(S43) 

SO that the second term in Eq. S19 reads for r 

> 1/k 

which combined with Eq. |S39| gives 


GceiT)pec{t) ~ ^Gfg{r)pee(f)- 

(S33) 

G^^(t)Pcc> e 

It -\r K 

(S44) 


On the other hand, the first term in Eq. |S19| is given by 


(S34) 


Gcc{T)Pec(t) ~ -e 


Eqs. S42 and S44 show that in this regime G^^pec domi¬ 
nates over G^Rec for > 1 / (7 + 7*) • 


7(f + T)d{t)) ~ G^^{T)pcc{t). 


(S45) 
































We can hence express the indistinguishability as if the 
cavity acts as an effective emitter: 




(S46) 


By solving the rate equations for populations (Eq. |S28 ), 
and plugging in Pcc(^) in the above expression, we find 
after some algebra 
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